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(57) ABSTRACT

A gas turbine engine includes an outer nacelle; a fan at least
partially surrounded by the outer nacelle; and a turboma-
chine drivingly coupled to the fan and at least partially
surrounded by the outer nacelle. The outer nacelle defines a
bypass airflow passage with the turbomachine. The turb-
omachine includes a compressor section defining 1n part a
core air tlowpath. The turbomachine also includes a heat
sink heat exchanger; and a thermal management duct assem-
bly defining a thermal management duct flowpath extending
between an inlet and an outlet and positioned between the
core air flowpath and the bypass airtlow passage along the
radial direction, the outlet selectively 1n airflow communi-
cation with a core compartment of the turbomachine, and the
heat sink heat exchanger positioned 1n thermal communica-
tion with the thermal management duct tflowpath for trans-
ferring heat to an airflow through the thermal management
duct flowpath during operation.

20 Claims, 8 Drawing Sheets
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1
THERMAL MANAGEMENT SYSTEM

FIELD

The present subject matter relates generally to a thermal
management system, and more specifically to a gas turbine
engine having a separate tlowpath for heat rejection.

BACKGROUND

A gas turbine engine typically includes a fan and a
turbomachine. The turbomachine generally includes an
inlet, one or more compressors, a combustor, and at least one
turbine. The compressors compress air which 1s channeled to
the combustor where 1t 1s mixed with fuel. The mixture 1s
then 1gnited for generating hot combustion gases. The com-
bustion gases are channeled to the turbine(s) which extracts
energy irom the combustion gases for powering the com-
pressor(s), as well as for producing usetul work to propel an
aircraft in flight or to power a load, such as an electrical
generator.

In at least certain embodiments, the turbomachine and fan
are at least partially surrounded by an outer nacelle. With
such embodiments, the outer nacelle defines a bypass air-
flow passage with the turbomachine. Additionally, the tur-
bomachine 1s supported relative to the outer nacelle by one
or more outlet guide vanes/struts.

During operation of the gas turbine engine, various sys-
tems may generate a relatively large amount of heat. Ther-
mal management systems of the gas turbine engine may
collect heat from one or more of these systems to maintain
a temperature of such systems within an acceptable operat-
ing range. The thermal management systems may reject such
heat through one or more heat exchangers. In at least certain
embodiments, at least one of these heat exchangers may be
integrated i1nto one or more components exposed to the
bypass airflow passage, such as one or more of the struts
extending between the turbomachine and the outer nacelle.

However, inclusion of one or more heat exchangers
integrated into one or more components exposed to the
bypass airtlow passage may have an adverse eflect on an
airtlow through the bypass airtlow passage. Accordingly, a
thermal management system capable of rejecting heat from
vartous components of the gas turbine engine without
adversely aflecting the airtlow through the bypass airtlow
passage would be usetul.

BRIEF DESCRIPTION

Aspects and advantages of the invention will be set forth
in part 1n the following description, or may be obvious from
the description, or may be learned through practice of the
invention.

In one exemplary embodiment of the present disclosure,
a gas turbine engine defining a radial direction 1s provided.
The gas turbine engine includes an outer nacelle; a fan at
least partially surrounded by the outer nacelle; and a turb-
omachine drivingly coupled to the fan and at least partially
surrounded by the outer nacelle. The outer nacelle defines a
bypass airflow passage with the turbomachine. The turb-
omachine includes a compressor section defining in part a
core air flowpath, the turbomachine further defining a core
compartment outward of the core air tlowpath along the
radial direction. The turbomachine also includes a heat sink
heat exchanger; and a thermal management duct assembly
defining a thermal management duct tlowpath extending
between an inlet and an outlet and positioned between the
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core air flowpath and the bypass airflow passage along the
radial direction, the outlet selectively 1n airflow communi-
cation with the core compartment, and the heat sink heat
exchanger positioned in thermal communication with the
thermal management duct flowpath for transferring heat to
an airtlow through the thermal management duct flowpath
during operation.

In certain exemplary embodiments the compressor sec-
tion of the turbomachine includes a compressor, wherein the
inlet of the thermal management duct flowpath 1s 1n airtlow
communication with the core air flowpath at a location
upstream of the compressor.

For example, 1n certain exemplary embodiments the com-
pressor 1s a low pressure compressor, wherein the compres-
sor section further includes a high pressure compressor, and
wherein the core compartment surrounds at least a portion of
the high pressure compressor.

In certain exemplary embodiments the compressor sec-
tion of the turbomachine includes a compressor having a
stage ol compressor rotor blades, and wherein the thermal
management duct assembly includes an auxiliary fan driven
by the stage of compressor rotor blades of the compressor.

For example, 1n certain exemplary embodiments the aux-
iliary fan of the thermal management duct assembly 1is
positioned outward of the stage of compressor rotor blades
of the compressor along the radial direction.

In certain exemplary embodiments the thermal manage-
ment duct assembly further includes a stage of variable
guide vanes positioned within the thermal management duct
flowpath.

For example, 1in certain exemplary embodiments the stage
of variable guide vanes 1s movable between an open position
and a closed position.

In certain exemplary embodiments the outlet of the ther-
mal management duct flowpath 1s a first outlet, wherein the
thermal management duct flowpath further includes a sec-
ond outlet selectively in airflow communication with the
bypass airflow passage.

For example, in certain exemplary embodiments the ther-
mal management duct assembly further includes a variable
component movable between a first position and a second
position, wherein the thermal management duct flowpath 1s
in airflow communication with the core compartment
through the first outlet when the variable component 1s in the
first position, and wherein the thermal management duct
flowpath 1s 1n airtlow commumication with the bypass air-
flow passage through the second outlet when the variable
component 1s 1n the second position.

For example, in certain exemplary embodiments the gas
turbine engine further defines an axial direction, and wherein
the variable component 1s movable generally along the axial
direction between the first position and the second position.

For example, 1n certain exemplary embodiments substan-
tially all of an airtlow through the thermal management duct
flowpath 1s configured to exit through the first outlet when
the variable component 1s 1n the first position, and wherein
substantially all of the airflow through the thermal manage-
ment duct flowpath 1s configured to exit through the second
outlet when the variable component 1s 1n the second posi-
tion.

In certain exemplary embodiments the gas turbine engine
turther includes a cooled cooling air system; an auxiliary
system; an environmental control system; and a lubrication
system. The heat sink heat exchanger 1s 1n thermal commu-
nication with at least one of the cooled cooling air system,
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the auxiliary system, the environmental control system, or
the lubrication system through the thermal management
system.

In certain exemplary embodiments the gas turbine engine
i1s a high-bypass turbofan engine defining a bypass ratio °
greater than about 6:1 and up to about 30:1.

The gas turbine engine of claim 1, wherein the thermal
management duct flowpath 1s a substantially annular tlow-
path positioned outward of the core air flowpath along the
radial direction.

In certamn exemplary embodiments the turbomachine
defines a ratio of airflow through the thermal management
duct flowpath to airtlow through the core air flowpath
between about 0.01:1 and 0.4:1. 5

In an exemplary aspect of the present disclosure, a method
1s provided for operating a gas turbine engine having a fan,

a turbomachine, and an outer nacelle defining a bypass
airtlow passage with the turbomachine. The turbomachine
defines a core compartment and includes a heat sink heat »g
exchanger and a thermal management duct assembly, the
thermal management duct assembly defining a thermal man-
agement duct flowpath, the heat sink heat exchanger in
thermal communication with the thermal management duct
flowpath. The method includes providing an airtlow through 25
the thermal management duct tlowpath and over the heat
sink heat exchanger; determining the gas turbine engine 1s
operating 1n a {irst operating condition; moving a variable
component of the thermal management duct assembly to
direct substantially all of the airflow through thermal man- 30
agement duct flowpath to the core compartment; determin-
ing the gas turbine engine 1s operating 1n a second operating
condition; and moving the variable component of the ther-
mal management duct assembly to direct substantially a
predetermined amount of the airflow through the thermal 35
management duct flowpath to the bypass airtflow passage.

In certain exemplary aspects the first operating condition
1s a high power operating condition.

For example, in certain exemplary aspects the second
operating condition 1s a low power operating condition. 40
In certain exemplary aspects the compressor section of the

turbomachine comprises a compressor, wherein the inlet of
the thermal management duct flowpath 1s 1n airtlow com-
munication with the core air flowpath at a location upstream
of the compressor. 45

In certain exemplary aspects the thermal management
duct tflowpath 1s a substantially annular tflowpath positioned
outward of the core air flowpath along the radial direction
and mward of the bypass airflow passage along the radial
direction. 50

These and other features, aspects and advantages of the
present mnvention will become better understood with refer-
ence to the following description and appended claims. The
accompanying drawings, which are incorporated i and
constitute a part of this specification, 1llustrate embodiments 55
of the mvention and, together with the description, serve to
explain the principles of the invention.

10

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS
60

A full and enabling disclosure of the present invention,
including the best mode thereof, directed to one of ordinary
skill 1n the art, 1s set forth 1n the specification, which makes
reference to the appended figures, 1n which:

FIG. 1 1s a schematic, cross-sectional view of an exem- 65
plary gas turbine engine according to various embodiments
of the present subject matter.

4

FIG. 2 1s a simplified schematic view of a thermal
management system 1n accordance with an exemplary

embodiment of the present disclosure.

FIG. 3 1s a schematic, cross-sectional view of a section of
a gas turbine engine mcluding a thermal management sys-
tem in accordance with an exemplary embodiment of the
present disclosure.

FIG. 4 1s a schematic view of a plurality of variable guide
vanes 1n accordance with an exemplary embodiment of the
present disclosure.

FIG. 5 1s an axial, schematic view of an auxiliary fan 1n
accordance with an exemplary embodiment of the present
disclosure.

FIG. 6 1s a schematic, cross-sectional view of a section of
a gas turbine engine mcluding a thermal management sys-
tem 1n accordance with another exemplary embodiment of
the present disclosure.

FIG. 7 1s a schematic, cross-sectional view of a section of
a gas turbine engine mcluding a thermal management sys-
tem 1n accordance with yet another exemplary embodiment
of the present disclosure.

FIG. 8 1s a flowchart of a method for operating a gas
turbine engine 1n accordance with an exemplary aspect of
the present disclosure.

DETAILED DESCRIPTION

Retference will now be made in detail to present embodi-
ments of the mvention, one or more examples of which are
illustrated 1n the accompanying drawings. The detailed
description uses numerical and letter designations to refer to
features 1n the drawings. Like or similar designations in the
drawings and description have been used to refer to like or
similar parts of the invention.

As used herein, the terms “first”, “second”, and “‘third”
may be used interchangeably to distinguish one component
from another and are not intended to signily location or
importance of the mdividual components.

The terms “forward” and “ait” refer to relative positions
within a gas turbine engine or vehicle, and refer to the
normal operational attitude of the gas turbine engine or
vehicle. For example, with regard to a gas turbine engine,
forward refers to a position closer to an engine 1nlet and aft
refers to a position closer to an engine nozzle or exhaust.

The terms “upstream” and “downstream™ refer to the
relative direction with respect to fluid flow 1n a fluid path-
way. For example, “upstream” refers to the direction from
which the fluild flows, and “downstream” refers to the
direction to which the fluid tlows.

The terms “coupled,” “fixed,” “attached to,” and the like
refer to both direct coupling, fixing, or attaching, as well as
indirect coupling, fixing, or attaching through one or more
intermediate components or features, unless otherwise
specified herein.

The singular forms “a”, “an”, and *“‘the” include plural
references unless the context clearly dictates otherwise.

Approximating language, as used herein throughout the
specification and claims, 1s applied to modify any quantita-
tive representation that could permissibly vary without
resulting 1n a change in the basic function to which 1t 1s
related. Accordingly, a value modified by a term or terms,
such as “about”, “approximately”, and “substantially”, are
not to be limited to the precise value specified. In at least
some 1nstances, the approximating language may corre-
spond to the precision of an instrument for measuring the
value, or the precision of the methods or machines for

constructing or manufacturing the components and/or sys-
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tems. For example, the approximating language may refer to
being within a 10 percent margin.

Here and throughout the specification and claims, range
limitations are combined and interchanged, such ranges are
identified and include all the sub-ranges contained therein
unless context or language indicates otherwise. For example,
all ranges disclosed herein are inclusive of the endpoints,
and the endpoints are independently combinable with each
other.

Referring now to the drawings, wherein 1dentical numer-
als 1indicate the same elements throughout the figures, FIG.
1 1s a schematic, cross-sectional view of a gas turbine engine
in accordance with an exemplary embodiment of the present
disclosure. More particularly, for the embodiment of FIG. 1,
the gas turbine engine 1s a high-bypass turbofan jet engine
10, referred to herein as “turbofan engine 10.” As shown 1n
FIG. 1, the turbofan engine 10 defines an axial direction A
(extending parallel to a longitudinal centerline 12 provided
for reference) and a radial direction R. In general, the
turbofan engine 10 includes a fan section 14 and a turboma-
chine 16 disposed downstream from the fan section 14.

The exemplary turbomachine 16 depicted generally
includes a substantially tubular outer casing 18 that defines
an annular inlet 20. The outer casing 18 encases, 1n serial
flow relationship, a compressor section including a booster
or low pressure (LP) compressor 22 and a high pressure
(HP) compressor 24; a combustion section 26; a turbine
section 1including a high pressure (HP) turbine 28 and a low
pressure (LLP) turbine 30; and a jet exhaust nozzle section 32.
The compressor section, combustion section 26, turbine
section, and exhaust nozzle section 32 together define at
least 1n part a core air flowpath 37 through the turbomachine
16. A high pressure (HP) shait or spool 34 drivingly con-
nects the HP turbine 28 to the HP compressor 24. A low
pressure (LP) shait or spool 36 drivingly connects the LP
turbine 30 to the LP compressor 22.

For the embodiment depicted, the fan section 14 includes
a variable pitch fan 38 having a plurality of fan blades 40
coupled to a disk 42 1n a spaced apart manner. As depicted,
the fan blades 40 extend outwardly from disk 42 generally
along the radial direction R. Each fan blade 40 1s rotatable
relative to the disk 42 about a pitch axis P by virtue of the
tan blades 40 being operatively coupled to a suitable actua-
tion member 44 configured to collectively vary the pitch of
the fan blades 40 1n unison. The fan blades 40, disk 42, and
actuation member 44 are together rotatable about the lon-
gitudinal axis 12 by LP shatt 36 across a power gear box 46.
The power gear box 46 includes a plurality of gears for
stepping down the rotational speed of the LP shaft 36 to a
more eflicient rotational fan speed.

Referring still to the exemplary embodiment of FIG. 1,
the disk 42 i1s covered by rotatable front hub 48 aerody-
namically contoured to promote an airflow through the
plurality of fan blades 40. Additionally, the exemplary fan
section 14 includes an annular fan casing or outer nacelle 50
that circumierentially surrounds the fan 38 and/or at least a
portion of the turbomachine 16. The nacelle 50 1s supported
relative to the turbomachine 16 by a plurality of circumier-
entially-spaced outlet guide vanes 52. Moreover, the nacelle
50 extends over an outer portion of the turbomachine 16 so
as to define a bypass airflow passage 356 therebetween.

During operation of the turbofan engine 10, a volume of
air 58 enters the turbotfan 10 through an associated inlet 60
of the nacelle 50 and/or fan section 14. As the volume of air
58 passes across the fan blades 40, a first portion of the air
58 as indicated by arrows 62 1s directed or routed into the
bypass airflow passage 56 and a second portion of the air 58
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6

as indicated by arrow 64 1s directed or routed into the LP
compressor 22. The ratio between the first portion of air 62
and the second portion of air 64 1s commonly known as a
bypass ratio. As stated, for the embodiment shown, the
turbofan engine 10 1s a high bypass turbofan engine 10.
Accordingly, for the embodiment depicted, the bypass ratio
defined by the turbofan engine 10 1s greater than about 6:1
and up to about 30:1.

The pressure of the second portion of air 64 i1s then
increased as 1t 1s routed through the high pressure (HP)
compressor 24 and into the combustion section 26, where 1t
1s mixed with fuel and burned to provide combustion gases
66. Subsequently, the combustion gases 66 are routed
through the HP turbine 28 and the LP turbine 30, where a
portion of thermal and/or kinetic energy from the combus-
tion gases 66 1s extracted.

The combustion gases 66 are then routed through the jet
exhaust nozzle section 32 of the turbomachine 16 to provide
propulsive thrust. Simultaneously, the pressure of the first
portion of air 62 1s substantially increased as the first portion
of air 62 1s routed through the bypass airtlow passage 56
betore it 1s exhausted from a fan nozzle exhaust section 76
of the turbofan 10, also providing propulsive thrust.

Moreover, as 1s depicted schematically, the exemplary
turbofan engine 10 further includes various accessory sys-
tems to aid in the operation of the turbofan engine 10 and/or
an aircrait including the turbofan engine 10 (e.g., FIG. 3).
For example, the exemplary turbofan engine 10 further
includes a main lubrication system 78 configured to provide
a lubricant to, e.g., various bearings and gear meshes in the
compressor section (including the LP compressor 22 and HP
compressor 24), the turbine section (including the HP tur-
bine 28 and the LP turbine 30), the HP spool 34, the LP spool
36, and the power gear box 46. The lubricant provided by the
main lubrication system 78 may increase the useful life of
such components and may remove a certain amount ol heat
from such components. Additionally, the turbofan engine 10
includes a cooled cooling air (CCA) system 80 (sometimes
also referred to as a “compressor cooling air system”) for
providing air from one or both of the HP compressor 24 or
LP compressor 22 to one or both of the HP turbine 28 or LP
turbine 30. Moreover, the exemplary turbofan engine 10
includes an active thermal clearance control (ACC) system
82 for cooling a casing of the turbine section to maintain a
clearance between the various turbine rotor blades and the
turbine casing within a desired range throughout various
engine operating conditions. Furthermore, the exemplary
turbofan engine 10 includes a generator lubrication system
84 for providing lubrication to an electronic generator, as
well as cooling/heat removal for the electronic generator.
The electronic generator may provide electrical power to,
¢.g., a startup electric motor for the turbofan engine 10
and/or various other electronic components of the turbofan
engine 10 and/or an aircrait including the turbofan engine
10.

As 1s also depicted schematically, the exemplary turbofan
engine 10 depicted drives or enables various other accessory
systems, e.g., for an aircraft (not shown) including the
exemplary turbofan engine 10. For example, the exemplary
turbofan engine 10 provides compressed air from the com-
pressor section to an environmental control system (ECS)
86. The ECS 86 may provide an air supply to a cabin of the
aircraft for pressurization and thermal control. Additionally,
air may be provided from the exemplary turbofan engine 10
to an electronics cooling system 88 for maintaimng a
temperature of certain electronic components of the turbofan
engine 10 and/or aircraft within a desired range.
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Prior turbofan engines 10 and/or aircraits included indi-
vidual heat exchangers for each of these accessory systems
to remove heat from air and/or lubrication in such systems.
However, aspects of the present disclosure may include a
thermal management system 100 (see FIG. 2) for transier-
ring heat from some or all of such accessory systems to more
clliciently remove such heat and/or utilize such heat.

It should be appreciated, however, that the exemplary
turbofan engine 10 depicted 1n FIG. 1 1s by way of example
only, and that 1n other exemplary embodiments, aspects of
the present disclosure may additionally, or alternatively, be
applied to any other suitable gas turbine engine. For
example, in other exemplary embodiments, the turbofan
engine 10 may instead be any other suitable aeronautical gas
turbine engine, such as a turbojet engine, turboshaft engine,
turboprop engine, etc. Additionally, 1n still other exemplary
embodiments, the exemplary turbofan engine 10 may
include or be operably connected to any other suitable
accessory systems and may be configured i any other
suitable manner. Additionally, or alternatively, the exem-
plary turbofan engine 10 may not include or be operably
connected to one or more of the accessory systems discussed
above.

Referring now to FIG. 2, a schematic, tlow diagram 1s
provided of a thermal management system 100 1n accor-
dance with an exemplary embodiment of the present disclo-
sure for mcorporation at least partially into a gas turbine
engine, such as the exemplary turbofan engine 10 of FIG. 1.

As shown, the thermal management system 100 generally
includes a thermal transport bus 102. The thermal transport
bus 102 includes an mtermediary heat exchange fluid tlow-
ing therethrough and may be formed of one or more suitable
fluid conduits. The heat exchange fluid may be an incom-
pressible tluid having a high temperature operating range.
For example, in certain embodiments, heat exchange fluid
may be a water and ethanol mixture, or any suitable dielec-
tric fluid. Additionally, or alternatively, however, the heat
exchange fluid may be a gas, such as air extracted from the
compressor, high-pressure carbon dioxide, or supercritical
carbon dioxide. Additionally, or alternatively, still, the heat
exchange fluid may be a combination of liquid and vapor, as
In a vapor-compression refrigeration cycle.

A pump 104 1s provided 1n fluid communication with the
heat exchange fluid 1n the thermal transport bus 102 for
generating a flow of the heat exchange fluid m/through the
thermal transport bus 102. As viewed 1n FIG. 2, the pump
104 may generate a tlow of the heat exchange fluid generally
in a clockwise direction through the thermal transport bus
102. The pump 104 may be a rotary pump including an
impeller, or alternatively may be any other suitable fluid
pump. Additionally, the pump 104 may be powered by an
clectric motor, or alternatively may be 1n mechanical com-
munication with and powered by, e.g., the HP shatt 34 or the
LP shaft 36 of the turbofan engine 10. In still other embodi-
ments, the pump 104 may be powered by an auxiliary
turbine, which 1n turn may be powered by bleed air from a
compressor section of a gas turbine engine within which the
system 100 1s incorporated.

Moreover, the exemplary thermal management system
100 includes one or more heat source heat exchangers 106
in thermal communication with the heat exchange fluid 1n
the thermal transport bus 102. Specifically, the thermal
management system 100 depicted includes a plurality of
heat source heat exchangers 106. The plurality of heat
source heat exchangers 106 are configured to transfer heat
from one or more of the accessory systems of the turbofan
engine 10 (or operable with the turbofan engine 10) to the
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heat exchange fluid 1n the thermal transport bus 102. For
example, 1n certain exemplary embodiments, the plurality of
heat source heat exchangers 106 may include one or more
ol: a main lubrication system heat exchanger for transferring
heat from the main lubrication system 78; a CCA system
heat source exchanger for transferring heat from the CCA
system 80; an ACC system heat source exchanger for
transierring heat from the ACC system 82; a generator
lubrication system heat source exchanger for transferring
heat from the generator lubrication system 84; an ECS heat
exchanger for transierring heat from the ECS 86; an elec-
tronics cooling system heat exchanger for transierring heat
from the electronics cooling system 88; a vapor compression
system heat exchanger; an air cycle system heat exchanger;
an auxiliary system(s) heat source exchanger; and a heat
recovery heat exchanger positioned 1n, e.g., the turbine
section or exhaust section for recovering heat from an
airflow therethrough. By way of example, the auxiliary
system(s) heat source exchanger may be configured to
transier heat from one or more of a radar system, a defense
system, passenger entertainment systems, etc. Accordingly,
a thermal management system 100 in accordance with an
exemplary embodiment of FIG. 2 may transfer heat from a
variety of independent systems to the heat exchange fluid in
the thermal transport bus 102 for removal.

For the embodiment depicted, there are three heat source
heat exchangers 106, the three heat source heat exchangers
106 cach arranged in series flow along the thermal transport
bus 102. However, 1n other exemplary embodiments, any
other suitable number of heat source heat exchangers 106
may be included and one or more of the heat source heat
exchangers 106 may be arranged 1n parallel flow along the
thermal transport bus 102. For example, 1n other embodi-
ments, there may be a single heat source exchanger 106 in
t_lermal communication with the heat exchange fluid 1n the
thermal transport bus, or alternatively, there may be at least
two heat source heat exchangers 106, at least four heat
source heat exchangers 106, at least five heat source heat
exchangers 106, or at least six heat source heat exchangers
106 1n thermal communication with heat exchange fluid 1n
the thermal transport bus 102.

Additionally, the exemplary thermal management system
100 of FIG. 2 further includes one or more heat sink heat
exchanger 108 in thermal communication with the heat
exchange fluid 1n the thermal transport bus 102. The one or
more heat sink heat exchangers 108 are located downstream
of the plurality of heat source heat exchangers 106 and are
configured for removing heat from the heat exchange fluid
in the thermal transport bus 102. More particularly, for the
embodiment shown, the thermal management system 100
includes a single heat sink heat exchanger 108. As will be
discussed below, the heat sink heat exchanger 108 may be
positioned 1n a thermal management duct flowpath of a
thermal management duct assembly of the gas turbine
engine (see, e.g., FIG. 3).

It will be appreciated, however, that in other embodi-
ments, the thermal management system 100 may include
any other suitable number of heat sink heat exchangers, such
as one or more of a RAM heat exchanger, a fuel heat
exchanger, a fan stream heat exchanger, a bleed air heat
exchanger, an engine 1tercooler heat exchanger, or a cold
air output of an air cycle system heat exchanger 1n addition

to the heat sink heat exchanger 108 depicted. More specifi-

cally, the RAM heat exchanger, 11 included, may be config-
ured as an “air to heat exchange fluid” heat exchanger
integrated into one or both of the turbofan engine 10 or an

aircraft including the turbofan engine 10. During operation,
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the RAM heat exchanger may remove heat from any heat
exchange fluid therein by flowing a certain amount of RAM
air over the RAM heat exchanger. Additionally, the fuel heat
exchanger, 11 included, may be a “flud to heat exchange
fluid” heat exchanger wherein heat from the heat exchange
fluid 1s transierred to a stream of liquid fuel for the turbofan
engine 10. Moreover, the fan stream heat exchanger, 1f
included, may generally be an “air to heat exchange fluid”
heat exchanger which flows, e.g., bypass air over heat
exchange fluid to remove heat from the heat exchange tluid.
Further, the bleed air heat exchanger, i1t included, may
generally be an “air to heat exchange fluid” heat exchanger
which flows, e.g., bleed air from the LP compressor over
heat exchange fluid to remove heat from the heat exchange
fluad.

Referring still to the exemplary embodiment depicted in
FIG. 2, 1t will be appreciated that the heat sink exchanger
108 and plurality of heat source exchangers 106 are each
selectively 1n thermal communication with the thermal
transport bus 102 (and selectively in fluidd communication
with the heat exchange fluid in the thermal transport bus
102). More particularly, the thermal management system
100 depicted includes a plurality of bypass lines 101 for
selectively bypassing the heat sink exchanger 108 and each
the heat source exchanger 106 of the plurality of heat source
heat exchangers 106. Each bypass line 101 extends between
an upstream juncture 103 and a downstream juncture 105—
the upstream juncture 103 located just upstream of a respec-
tive heat sink exchanger 108 or heat source heat exchanger
106, and the downstream juncture 105 located just down-
stream of the respective heat sink exchanger 108 or heat
source heat exchanger 106. Additionally, each bypass line
101 meets at the respective upstream juncture 103 with the
thermal transport bus 102 via a three-way heat sink valve
107. The three-way heat sink valves 107 each include an
inlet fluidly connected with the thermal transport bus 102, a
first outlet fluidly connected with the thermal transport bus
102, and a second outlet fluidly connected with the bypass
line 101. The three-way heat sink valves 107 may each be a
variable throughput three-way valve, such that the three-way
heat sink valves 107 may vary a throughput from the nlet to
the first and/or second outlets. For example, the three-way
heat sink valves 107 may be configured for providing
anywhere between zero percent (0%) and one hundred
percent (100%) of the heat exchange fluid from the inlet to
the first outlet, and similarly, the three-way heat sink valves
107 may be configured for providing anywhere between
zero percent (0%) and one hundred percent (100%) of the
heat exchange fluid from the inlet to the second outlet.

Notably, the three-way heat sink valves 107 may be 1n
operable communication with a controller 109 of the turbo-
fan engine 10 and/or of an aircrait including the turbofan
engine 10 through one or more wired or wireless commu-
nications busses (depicted in phantom). The controller 109
may bypass one or more of the one or more heat sink
exchanger 108 and/or heat source exchangers 106 based on,
¢.g., an operating condition of the turbofan engine 10 and/or
aircrait, a temperature of the heat exchange fluid, and/or any
other suitable vanables. Alternatively, the controller 109
may bypass one or more of the one or more heat sink
exchanger 108 and/or heat source exchangers 106 based on
a user mput.

Further, each bypass line 101 also meets at the respective
downstream juncture 105 with the thermal transport bus
102. Between each heat sink exchanger 108 and downstream
juncture 105, the thermal transport bus 102 includes a check
valve 111 for ensuring a proper tlow direction of the heat
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exchange fluid. More particularly, the check valve 111
prevents a flow of heat exchange fluid from the downstream
juncture 105 towards the respective heat sink exchanger
108.

Referring still to FIG. 2, the exemplary thermal manage-
ment system 100 depicted 1s configured to use a single
phase, mcompressible thermal transport fluid. It should be
appreciated, however, that in other embodiments, the ther-
mal management system 100 may instead use a phase
change flmd. With such an embodiment, the thermal man-
agement system 100 may include a compressor for com-
pressing the heat exchange fluid in the thermal transport bus
102, and an expansion device for expanding the heat
exchange fluid 1n the thermal transport bus 102.

Additionally, 1t should be appreciated that the thermal
management system 100 1s provided by way of example
only and that in other exemplary embodiments the thermal
management system 100 may be configured 1n any other
suitable manner. For example, 1n other exemplary embodi-
ments, the thermal management system 100 may include
any other suitable number of heat source heat exchangers
and/or heat sink heat exchangers. Further, in other embodi-
ments, the thermal management system 100 may addition-
ally, or alternatively, utilize any other suitable heat sink heat
exchangers, and be operable with any other suitable system
of the gas turbine engine to remove heat from subsystem of
the gas turbine engine.

Moreover, 1t will be appreciated that although for the
embodiment of FIG. 2, the thermal management system 100
1s depicted as a “thermal bus” system including an interme-
diary thermal bus (1.e., bus 102) configured to transfer heat
from one or more heat sources to one or more heat sinks
using an intermediate fluid, 1 other embodiments, the
thermal management system 100 may be configured 1n any
other suitable manner. For example, in other embodiments,
the thermal management system 100 may be configured to
cool an airtlow, such as an airtlow for a cooled cooling air
system (e.g., CCA system 80), and may flow such airtlow
directly to a heat sink heat exchanger for cooling. Other
configurations are contemplated as well.

Referring now to FIG. 3, a close-up, cross-sectional view
of a gas turbine engine including a thermal management
system 100 1n accordance with an exemplary aspect of the
present disclosure 1s provided. The gas turbine engine may
be configured 1n a similar manner to the exemplary turbofan
engine 10 described above with reference to FIG. 1, and
turther, the thermal management system 100 may be con-
figured 1n a similar manner to the exemplary thermal man-
agement system 100 described above with reference to FIG.
2. Accordingly, the same or similar numbers may refer to
same or similar parts.

As 1s depicted, the exemplary gas turbine engine of FIG.
2 generally includes a fan 38 and a turbomachine 16
drivingly coupled to the fan 38. Although not depicted, 1t
will be appreciated that the gas turbine engine further
includes an outer nacelle 50, with the fan 38 at least partially
surrounded by the outer nacelle 50, and further with the
turbomachine 16 also at least partially surrounded by the
outer nacelle 50 (see FIG. 1). Moreover, the outer nacelle 50
defines a bypass airflow passage 56 with the turbomachine
16 (i.e., between the outer nacelle 50 and the turbomachine
16) (see also FIG. 1), and more specifically, defines the
bypass airtlow passage 36 with an outer casing 18 of the
turbomachine 16. In such a manner, the gas turbine engine
may be referred to as a turbofan engine 10. Further, 1t waill
be appreciated from FIG. 3, and the discussion above with
reference to FIG. 1, that the gas turbine engine may further
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define a relatively high bypass ratio, and therefore may be
referred to as a high bypass, turbofan engine.

Referring still to FIG. 3, the exemplary turbomachine 16
depicted generally includes a compressor section defining at
least 1n part a core air flowpath 37. Additionally, the com-
pressor section generally includes a low pressure (“LP”)
compressor 22 and a high pressure (“HP”) compressor 24.
The LP compressor 22 1s coupled to, and driven by, an LP
spool 36. More specifically, the LP compressor 22 generally
includes a plurality of stages 110 of LP compressor rotor
blades, with each stage 110 of LP compressor rotor blades
coupled to a respective rotor 112, and the plurality of rotors
112 coupled together and/or to the LP spool 36. Between
adjacent stages 110 of LP compressor rotor blades, the LP
compressor 22 further includes stages 114 of guide vanes,
one or more of which may be variable guide vanes. Simi-
larly, the HP compressor 24 1s coupled to, and driven by, an
HP spool 34. As with the LP compressor 22, the HP
compressor 24 generally includes a plurality of stages 116 of
HP compressor rotor blades, with each stage 116 of HP
compressor rotor blades coupled to a respective rotor 118,
and the plurality of rotors 118 coupled together and/or to the
HP spool 34. Further, between adjacent stages 116 of HP
compressor rotor blades, the HP compressor 24 further
includes stages 120 of guide vanes, one or more of which
may be variable guide vanes.

The turbomachine 16 further defines a core compartment
122 outward of the core air flowpath 37 along the radial
direction R, and for the embodiment depicted, at least
partially surrounding the HP compressor 24. As will be
appreciated, during high power operations of the gas turbine
engine, the core compartment 122 may be subjected to
relatively high temperatures due to, e.g., the relatively high
temperatures of the HP compressor 24 and/or combustion
section 26. Accordingly, as will be discussed in more detail
below, the gas turbine engine of FIG. 3 may be configured
to provide cooling air to the core compartment 122 during
certain of these high power operations. For example, 1n
certain embodiments, the “high-power” operations of the
gas turbine engine may include, e.g., takeoll and climb
operations of the gas turbine engine.

Further, the exemplary gas turbine engine of FIG. 3, and
more specifically, the turbomachine 16 of the gas turbine
engine of FIG. 3, further includes a thermal management
duct assembly 124. The thermal management duct assembly
124 defines a thermal management duct flowpath 126
extending between an inlet 128 and an outlet 130 (labeled as
“130A” and “130B,” discussed below), and positioned
between the core air flowpath 37 and the bypass airflow
passage 56 along the radial direction R. Accordingly, it wall
be appreciated that the thermal management duct flowpath
126 1s located inward of the outer casing 18 of the turb-
omachine 16. For the embodiment depicted, the thermal
management duct assembly 124 includes one or more inter-
nal casing members 132, with the one or more internal
casing members 132 defining the thermal management duct
flowpath 126. Notably, however, 1n other embodiments, the
thermal management duct assembly 124 may include one or
more other components defimng the thermal management
duct tlowpath 126, and further, may be integrated with one
or more other components of the turbomachine 16 to define
the thermal management duct flowpath 126.

As stated, for the embodiment depicted, the thermal
management duct flowpath 126 extends between the inlet
128 and the outlet 130. For the embodiment depicted, the
inlet 128 1s 1 airflow commumnication with the core air
flowpath 37 at a location upstream of a compressor of the
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compressor section, and more specifically, upstream of the
LP compressor 22 of the compressor section. In such a
manner, the thermal management duct flowpath 126 may be
configured to receive a flow of air 134 from the core air
flowpath 37 at a location upstrecam of the compressor
section, and more specifically, at a location upstream of the
LP compressor 22 of the compressor section. However, 1n
other embodiments, the inlet 128 of the thermal manage-
ment duct flowpath 126 may additionally, or alternatively, be
in airtflow communication with the bypass airtlow passage
56, ¢.g., at a location proximate an inlet 20 to the turboma-
chine 16 (1.¢., the inlet 20 defined by the casing 18). For
example, the inlet 128 of the thermal management duct
flowpath 126 may be in airflow communication with the
bypass airflow passage 56 at a location forward of the HP
compressor 24 along the axial direction A, and more spe-
cifically, forward of the LP compressor 22 along the axial
direction A.

The thermal management duct assembly 124 further
includes a stage of varniable guide vanes 136 positioned
proximate the inlet 128 of the thermal management duct
flowpath 126, and more specifically, positioned downstream
of the mlet 128 and forward of the LP compressor 22 of the
compressor section along the axial direction A. Notably,
however, 1n other embodiments, the stage of variable guide
vanes 136 may instead be positioned at any other suitable
location.

Referring now also brietly to FIG. 4, providing a radial,
cross-sectional view of a plurality of variable guide vanes
138 of the stage of variable guide vanes 136, 1t will be
appreciated that the stage of variable guide vanes 136 1is
movable between an open position (depicted) and a closed
position (depicted in phantom). More specifically, for the
embodiment depicted each variable guide vane 138 in the
stage of variable guide vanes 136 1s movable about an axis
140 between the open position (depicted) and the closed
position (depicted in phantom). In the open position, as
shown, the stage a variable guide vanes 1s configured to
allow a maximum amount of airflow 134 through the
thermal management duct flowpath 126. By contrast, when
the stage of variable guide vanes 136 1s in the closed
position, as shown 1n phantom, the stage of variable guide
vanes 136 1s configured to mimmize an amount of airflow
134 through the thermal management duct flowpath 126.
Additionally, the stage of variable gmide vanes 136 may be
movable to various intermediate positions between the first
and second positions to, ¢.g., modulate an inlet flow area,
and/or modify a swirl of the airflow 134 through the thermal
management duct flowpath 126 or otherwise change an
airflow direction of the airtlow 134 through the thermal
management duct flowpath 126.

Notably, 1t will be appreciated that for the embodiment
shown, the thermal management duct assembly 124 may be
configured to route a relatively large portion of the airtlow
64 through the core air flowpath 37 to the thermal manage-
ment duct flowpath 126. For example, 1n certain exemplary
embodiments, the ratio of airflow 134 through the thermal
management duct tlowpath 126 to airtlow 64 through the
core air tlowpath 37 may be between about 0.01:1 and about
0.4:1, such as between about 0.05:1 and about 0.30:1, such
as between about 0.03:1 and about 0.20:1. For the purposes
of determining this ratio, the amount of airflow 64 through
the core air flowpath 37 1s an amount of airflow through the
core air tlowpath 37 at a location immediately downstream
of the inlet 128 to the thermal management duct flowpath
126 (provided the mlet 128 to the thermal management duct
flowpath 126 1s 1n airflow communication with the core air
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flowpath 37; otherwise the amount of airflow through the
core air flowpath 37 refers to the amount of airflow 64

through the 1nlet 20 of the turbomachine 16).

Accordingly, 1t will be appreciated that for certain exem-
plary aspects, the stage of variable guide vanes 136 may be
moved between the open position and the closed position
based at least 1 part on a need for heat rejection of the
thermal management system 100.

Referring still to FIG. 3, and now also to FIG. 5, the
thermal management duct assembly 124 further comprises
an auxiliary fan 142. FIG. 5 provides an axial view of the LP
compressor 22 of the turbomachine 16 and the auxiliary fan

142 of the thermal management duct assembly 124. As 1s
depicted in FIGS. 3 and 5, the auxiliary fan 142 of the
thermal management duct assembly 124 1s coupled to the LP
spool 36 through the LP compressor 22. Additionally, the
auxiliary fan 142 of the thermal management duct assembly
124 1s positioned outward of a stage 110 of compressor rotor
blades of the compressor along the radial direction R, and
more specifically, 1s positioned outward of the forward-most
stage 110 of LP compressor rotor blades of the LP compres-
sor 22 along the radial direction R. Notably, as 1s depicted
in FIG. 5, and as will be appreciated, the thermal manage-
ment duct flowpath 126 defined by the thermal management
duct assembly 124 1s a substantially annular flowpath posi-
tion outward of the core air flowpath 37 along the radial
direction R.

As 1s depicted schematically in FIGS. 3 and 5§, the
auxiliary fan 142 includes a stage of auxiliary fan blades 144
attached to a solid ring 146. The solid ring 146 i1s in turn
attached to a radially outer end 148 of the LP compressor
rotor blades of the stage 110 of LP compressor rotor blades
and 1t 1s rotatable with (and driven by) the stage 110 of LP
compressor rotor blades. The auxiliary fan 142 may be
configured to increase a pressure of the tlow of the airtlow
through the through the thermal management duct flowpath
126 during operation.

As stated, for the embodiment depicted the auxiliary fan
142 1s coupled to a first, forward-most stage 110 of LP
compressor rotor blades of the LP compressor 22. It will be
appreciated, however, that in other exemplary embodiments,
the auxiliary fan 142 may instead be coupled to any other
suitable stage 110 of LP compressor rotor blades (or to a
stage ol rotor blades of another compressor i1if/when the
thermal management duct assembly 124 1s positioned else-
where). Additionally, or alternatively, in other exemplary
embodiments, the auxiliary fan 142 may be configured as an
extension of one or more stages of the LP compressor 22.
For example, in certain exemplary embodiments, the for-
ward-most stage 110 of LP compressor rotor blades of the
LP compressor 22 may extend into the thermal management
duct flowpath 126 and function 1n the same manner as the
exemplary fan blades 144 of the exemplary auxiliary fan 142
depicted i FIGS. 3 and 5. Such a configuration may be
similar to, e.g., a part-span shroud.

Referring again to FIG. 3, and now also to FIG. 6, 1t will
be appreciated that the outlet 130 of the thermal manage-
ment duct tlowpath 126 of the thermal management duct
assembly 124 1s selectively 1n airflow communication with
the core compartment 122 defined by the turbomachine 16.
More specifically, for the embodiment depicted the outlet
130 of the thermal management duct flowpath 126 1s a first
outlet 130A and the thermal management duct flowpath 126
further includes a second outlet 130B, with the second outlet
130B selectively 1n airflow communication with the bypass
airtlow passage 356.
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In order to provide such selective airtlow communication
between the thermal management duct flowpath 126 and the
core compartment 122 and bypass airflow passage 56, the
thermal management duct assembly 124 further includes a
variable component 150 movable between a {first position
and a second position. FIG. 3 depicts the variable compo-
nent 150 in the first position and FIG. 6 depicts the variable
component 150 in the second position. As 1s depicted, the
variable component 150 1s movable generally along the axial
direction A between the first position and second position.
For example, in certain embodiments, the variable compo-
nent 150 may be referred to as a sled door, movable along
a track using and actuation member (not shown) along the
axial direction A between the first position and the second
position.

As 1s depicted, when the variable component 150 1s in the
first position (FIG. 3), the first outlet 130A 1s 1n airtlow
communication with the core compartment 122 through the
first outlet 130A. By contrast, when the variable component
150 1s 1n the second position (FIG. 6), the thermal manage-
ment duct flowpath 126 1s in airflow communication with
the bypass airtlow passage 56 through the second outlet
130B. More specifically, when the variable component 150
1s 1n the first position, substantially all of the airflow 134
through the thermal management duct flowpath 126 1s
configured to exit the thermal management duct flowpath
126 through the first outlet 130A. By contrast, when the
variable component 150 1s in the second position, substan-
tially all of the airtlow 134 through the thermal management
duct flowpath 126 1s configured to exit the thermal manage-
ment duct flowpath 126 through the second outlet 130B.

Notably, 1n certain exemplary embodiment, the variable
component 150 may additionally, or alternatively, be mov-
able to one or more intermediate positions between the first
position and the second position to vary a ratio of the airflow
134 exiting the thermal management duct tlowpath 126 from
the first outlet 130A and the second outlet 130B.

Moreover, it should be appreciated that 1in other exem-
plary embodiments, any other suitable configuration may be
provided for having the thermal management duct flowpath
126 be selectively 1n airtlow communication with the core
compartment 122 and/or bypass airtlow passage 56 through
the first outlet 130A and second outlet 130B, respectively.
For example, in other embodiments, the thermal manage-
ment duct assembly 124 may include separate blocker doors
independently actuatable between open and closed positions
to allow or block the airtlow 134 from the thermal manage-
ment duct flowpath 126 to the core compartment 122 and/or
bypass airtlow passage 56. Additionally, or alternatively, in
other embodiments, the outer casing 18 may include a flap
(e.g. aileron) that restricts an airtlow 34 from flowing
therethrough, resulting in a diverted airtlow into the core
compartment 122 through passage 130A. Other configura-
tions are contemplated as well.

Reterring still to FIGS. 3 and 6, it will be appreciated that
the turbomachine 16 further includes a heat sink heat
exchanger 152. More specifically, as previously noted, the
gas turbine engine includes the thermal management system
100, with the thermal management system 100 including the
heat sink heat exchanger 152, which 1s positioned within the
turbomachine 16.

As 1s depicted, the heat sink heat exchanger 152 1is
positioned 1n thermal communication with the thermal man-
agement duct flowpath 126 for transferring heat to the
airflow 134 through the thermal management duct flowpath
126 during operation. More specifically, for the embodiment
depicted, the heat sink heat exchanger 152 1s positioned
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within the thermal management duct flowpath 126 to trans-
ter heat to the airtlow 134 through the thermal management
duct flowpath 126 during operation. In certain embodiments,
the heat sink heat exchanger 152 may be, e.g., the exemplary
heat sink heat exchanger 108 of the thermal management
system 100 described above with reference to FIG. 2. In
such a manner, the heat sink heat exchanger 152 may be
thermally coupled to at least one of a cooled cooling air
system (e.g., system 80) of the gas turbine engine, an
auxiliary system of the gas turbine engine (such as an
clectronics cooling system 88 and/or an environmental con-
trol system 86), or a lubrication system (e.g., system 78) of
the gas turbine engine through the thermal management
system 100 (exemplary systems 78, 80, 86, and 88 depicted
in FIG. 1 and described above).

Moreover, for the embodiment depicted, the heat sink heat
exchanger 152 i1s located downstream of the stage of inlet
guide vanes 136 and auxiliary fan 142, and upstream of the
variable geometry component 150. With such a configura-
tion, the heat sink heat exchanger 152 may act as a de-
swirler for the auxiliary fan 142 (i.e., de-swirls the airtlow
134 from the fan 142). It will be appreciated, however, that
in other exemplary embodiments, these various components
of the thermal management duct assembly 124 may instead
be arranged 1n any other suitable order. For example, refer-
ring brietly to FIG. 7, a schematic, cross-sectional view of
a section of a gas turbine engine including a thermal
management system in accordance with another exemplary
embodiment of the present disclosure 1s provided. The
exemplary gas turbine engine of FIG. 7 may be configured
in substantially the same manner as exemplary gas turbine
engine of FIGS. 3 and 6. However, for the exemplary
embodiment of FIG. 7, the heat sink heat exchanger 152 1s
instead positioned upstream of the auxiliary fan 142. In such
a manner, the heat sink heat exchanger 152 may act as a
foreign debris screen for the auxiliary fan 142. Additionally,
with such an exemplary aspect, the auxiliary fan 142 1s
coupled to, and driven by, an aft-most stage 110 of the LP
compressor rotor blades of the LP compressor 22. Notably,
with such an embodiment, the variable geometry component
150 may act as a de-swirler for the auxiliary fan 142 when
such airflow 134 1s provided to the bypass airflow passage
56 (notably, 1t may be beneficial to swirl the airtflow 134 to
the core compartment 122 to get more even tlow distribution
and use of available tlow energy). Accordingly, for example,
in certain exemplary embodiments, the variable geometry
component 150 may include vanes or other de-swirling
teatures to provide such a benefit.

Referring now back to FIGS. 3 and 6, when the exemplary
thermal management system 100 including the heat sink
heat exchanger 152 depicted 1s configured in a similar
manner as exemplary thermal management system 100 of
FIG. 2, the heat sink heat exchanger 152 may be a “liquid-
to-air” heat exchanger (1.e., a thermal bus fluid-to-air heat
exchanger). However, as discussed above, i other embodi-
ments the thermal management system 100 of FIG. 2 may
include any other suitable type of heat exchange fluid (e.g.,
gas, liquid/gas mixture, supercritical gas), and/or the thermal
management system 100 may be configured 1n any other
suitable manner. Accordingly, in other embodiments, the
heat sink heat exchanger 152 may instead be, e.g., an
“air-to-air” heat exchanger configured to exchange heat
with, or rather, to provide heat to, another airtlow. For
example, 1n certain embodiments, heat sink heat exchanger
152 may be configured to provide heat from a bleed air from
the HP compressor 24 (e.g., as part of a cooled cooling air
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system, such as system 80) to the airtlow 134 through the
thermal management duct flowpath 126.

It should further be appreciated that enabling the heat sink
heat exchanger 152 to effectively transier heat to the airflow
134 through the thermal management duct flowpath 126 1s
a primary function of the thermal management duct assem-
bly 124. Therefore, the thermal management duct assembly
124 may be referred to as a “dedicated” thermal manage-
ment duct assembly 124 for the thermal management system
100.

Further, 1t will be appreciated that although the airflow
134 through the thermal management duct flowpath 126
accepts heat from the heat sink heat exchanger 152, the
airtlow 134 downstream of the heat sink heat exchanger 152
may still be at a low temperature relative to other compo-
nents of the turbomachine 16. Accordingly, providing such
airflow 134 through the first outlet 130A to the core com-
partment 122 may allow for such airtlow 134 to cool certain
components of the turbomachine 16 exposed to the core
compartment 122. Specifically, providing the airflow 134
through the first outlet 130A to the core compartment 122
may allow for the airtflow 134 to cool aspects of the HP
compressor 24, the combustion section 26, etc. Accordingly,
during certain high-power operating conditions, such as
takeoil operating conditions, climb operating conditions,
etc., the vaniable component 150 may be moved to the first
position (FIG. 3) to allow substantially all of the airflow 134
through the thermal management duct flowpath 126 to be
provided to the core compartment 122 to cool one or more
components expose thereto.

It will also be appreciated that providing the airtlow 134
from the thermal management duct tlowpath 126 through the
second outlet 130B to the bypass airflow passage 56 may
increase a thrust production of the gas turbine engine by
adding energy to the bypass airflow passage 36. Accord-
ingly, during certain engine operations 1 which additional
cooling of the core compartment 122 1s not necessary, such
as during certain relatively low power operating conditions,
¢.g., cruise operating conditions and idle operating condi-
tions, the variable component 150 may be moved to the
second position (FIG. 6) to duct the airflow 134 through the
thermal management duct flowpath 126 to the bypass air-
flow passage 56 to increase an overall efhiciency of the gas
turbine engine.

Such a configuration may increase an overall efliciency of
a gas turbine engine, such as a turbofan engine, and 1n
particular may allow for efliciently rejecting a relatively
large amount of heat without requiring a large, potentially
disruptive heat exchanger 1n a bypass airtlow passage of the
gas turbine engine. More specifically, by positioning the heat
sink heat exchanger in a dedicated thermal management duct
flowpath within a turbomachine of the gas turbine engine, a
relatively large amount of heat may be rejected without
requiring the potentially disruptive heat sink heat exchanger
positioned within, or integrated mto one or more compo-
nents within, the bypass airflow passage.

It should be appreciated, however, that in other exemplary
embodiments, the thermal management duct assembly may
have any other suitable configuration, such that the thermal
management duct flowpath extends between any other suit-
able locations within the turbomachine. For example, 1n
other exemplary embodiments, an inlet of the thermal man-
agement duct tflowpath may be positioned at any other
suitable location (such as at a location directly in airtlow
communication with the bypass airtlow passage, axially
aligned with the inlet to the turbomachine, positioned down-
stream of the LP compressor and upstream of the HP
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compressor, etc.). Further, in still other embodiments, an
outlet, and more specifically, a first outlet, may also be
positioned at any other suitable location and configured to
provide airtlow to any other compartment within the turb-
omachine. Moreover, in other exemplary embodiments, the
thermal management duct assembly may include any other
components not described herein, or alternatively, may not
include each of the components described herein. For
example, 1n other exemplary embodiments, the thermal
management duct assembly may not include the stage vari-
able guide vanes, or alternatively, may not include the
variable component movable between the first and second
positions.

Referring now to FIG. 8, a flowchart of a method 200 for
operating a gas turbine engine in accordance with an exem-
plary aspect of the present disclosure 1s provided. The gas
turbine engine may be configured in accordance with one or
more of the exemplary embodiments described above with
reference to FIGS. 1 through 6. Accordingly, the gas turbine
engine may generally include a fan, a turbomachine, and an
outer nacelle defining a bypass airflow passage with the
turbomachine. The turbomachine may define a core com-
partment and include a heat sink heat exchanger and a
thermal management duct assembly. The thermal manage-
ment duct assembly may define a thermal management duct
flowpath, with the heat sink heat exchanger in thermal
communication with the thermal management duct flow-
path.

As 1s depicted in FIG. 8, the method 200 generally
includes at (202) providing an airtlow through the thermal
management duct flowpath and over the heat sink heat
exchanger. Providing the airtlow through the thermal man-
agement duct flowpath and over the heat sink heat exchanger
at (202) may include at (204) transferring heat from the heat
sink heat exchanger to the airflow through thermal manage-
ment duct flowpath.

The method 200 also includes at (206) determiming the
gas turbine engine 1s operating 1n a {irst operating condition
and at (208) moving a variable component of the thermal
management duct assembly to direct substantially all of the
airtflow through the thermal management duct flowpath to
the core compartment of the turbomachine. More specifi-
cally, for the exemplary aspect depicted, moving the variable
component of the thermal management duct assembly to
direct substantially all of the airtlow through the thermal
management duct flowpath to the core compartment at (208)
includes moving the variable component of the thermal
management duct assembly 1n response to determining the
gas turbine engine 1s operating in the first operating condi-
tion at (206). Notably, in certain exemplary aspects, the first
operating condition may be a high-power operating condi-
tion, such as a takeofl operating condition or a climb
operating condition. In such a manner, the airtlow provided
to the core compartment of the turbomachine may provide
cooling to one or more components of the turbomachine
exposed to the core compartment.

The method 200 turther includes at (210) determining the
gas turbine engine 1s operating 1n a second operating con-
dition, and at (212) moving the variable component of the
thermal management duct assembly to direct substantially a
predetermined amount of the airflow through the thermal
management duct tlowpath to the bypass airflow passage.
More specifically, moving the variable component of the
thermal management duct assembly to direct substantially a
predetermined amount of the airflow through the thermal
management duct flowpath to the bypass airflow passage at
(212) includes moving the variable component of the ther-
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mal management duct assembly 1n response to determining
the gas turbine engine 1s operating in the second operating
condition at (210). In certain aspects, the predetermined
amount may be substantially all of the airtlow through the
thermal management duct flowpath, or alternatively, may be
some 1n between amount determined to provide a minimum
amount of cooling necessary for the core compartment of the
turbomachine, while providing the remaining portion to the
bypass airflow passage.

Notably, 1n certain exemplary aspects, the second oper-
ating condition may be a low-power operating condition
(1.e., a low-power operating condition relative to the high-
power operating condition), such as a cruise operating
condition or an idle operating condition. In such a manner,
the method 200 may increase an overall efliciency of the gas
turbine engine by adding energy to the bypass airflow
passage (1.e., increasing an amount of thrust generation)
when cooling components exposed the core compartment 1s
not needed.

Moreover, will be appreciated that in at least certain
exemplary embodiments, the thermal management duct
assembly may further include one or more components for
varying an amount of airflow through the thermal manage-
ment duct tlowpath. For example, the exemplary thermal
management duct assembly may further include a stage of
variable guide vanes, an auxiliary fan, or both. It will also be
appreciated that the vaniable geometry component may be
utilized to vary the amount of airflow through the thermal
management duct tlowpath.

With such an exemplary aspect, the method 200 further
includes at (214) determining the gas turbine engine 1is
operating 1n a third operating condition. The third operating
condition may be a transient operating condition (i.e., an
operating condition transitioning from a relatively high-
power operating mode to a relatively low-power operating
mode, or vice versa). Further, the method 200 includes at
(216) increasing an airflow through the thermal management
duct tflowpath, or more specifically, increasing a ratio of
airflow through the thermal management duct flowpath to an
airflow through a core air tflowpath of the gas turbine engine.
For example, increasing the airflow through thermal man-
agement duct tflowpath at (216) may eflectively include
bleeding an airflow through the core air flowpath. Notably,
in certain exemplary aspects, increasing the airflow through
the thermal management duct tflowpath at (216) may include
increasing the airtlow through the thermal management duct
flowpath 1n response to determining the gas turbine engine
1s operating 1n the third operating condition at (214). Further,
still, 1n certain exemplary aspects, increasing the airtlow
through the thermal management duct flowpath at (216) may
include one or more of moving the varnable geometry
component of the thermal management duct assembly,
changing a pitch angle of the stage of inlet guide vanes of the
thermal measure duct assembly, and/or changing a pitch
angle of a plurality of fan blades of the auxihary fan of the
thermal management duct assembly.

Reterring still to FIG. 8, the method 200 may additionally
include aspects for assisting with a shutdown of the gas
turbine engine. More specifically, as 1s depicted, the method
200 further includes at (218) positioning the variable geom-
etry component 1 an intermediate position such that the
core compartment of the turbomachine of the gas turbine
engine 1s 1n airflow communication with the bypass airtlow
passage of the gas turbine engine through, 1n at least certain
exemplary aspects, the thermal management duct flowpath.
Positioning the variable geometry component in the inter-
mediate position (218) may allow for relatively hot under-
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cowl air within the turbomachine to vent to an ambient
location (1.e., through the thermal management duct flow-
path and bypass airtlow passage) during engine shutdown
condition without requiring one or more rotors of the
turbomachine to be rotated.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing,
any 1ncorporated methods. The patentable scope of the
invention 1s defined by the claims, and may include other
examples that occur to those skilled 1n the art. Such other
examples are intended to be within the scope of the claims
if they include structural elements that do not differ from the
literal language of the claims, or 1f they include equivalent
structural elements with nsubstantial differences from the
literal languages of the claims.

What 1s claimed 1s:

1. A gas turbine engine defining a radial direction and
comprising;

an outer nacelle;

a fan at least partially surrounded by the outer nacelle; and

a turbomachine drivingly coupled to the fan and at least

partially surrounded by the outer nacelle, the outer

nacelle defining a bypass airflow passage with the

turbomachine, the turbomachine comprising

a compressor section defining 1n part a core air flow-
path, the turbomachine further defining a core com-
partment outward of the core air tflowpath along the
radial direction;

a heat sink heat exchanger; and

a thermal management duct assembly defining a ther-
mal management duct flowpath extending between
an inlet and an outlet and positioned between the
core air flowpath and the bypass airflow passage
along the radial direction, the outlet selectively 1n
airtflow communication with the core compartment,
and the heat sink heat exchanger positioned 1n ther-
mal communication with the thermal management
duct flowpath for transferring heat to an airflow
through the thermal management duct tlowpath dur-
ing operation.

2. The gas turbine engine of claim 1, wherein the com-
pressor section of the turbomachine comprises a compressor,
wherein the inlet of the thermal management duct flowpath
1s 1n airflow communication with the core air flowpath at a
location upstream of the compressor.

3. The gas turbine engine of claim 2, wherein the com-
pressor 1s a low pressure compressor, wherein the compres-
sor section further comprises a high pressure compressor,
and wherein the core compartment surrounds at least a
portion of the high pressure compressor.

4. The gas turbine engine of claim 1, wherein the com-
pressor section of the turbomachine comprises a compressor
having a stage of compressor rotor blades, and wherein the
thermal management duct assembly comprises an auxiliary
fan driven by the stage of compressor rotor blades of the
COMpPressor.

5. The gas turbine engine of claim 4, wherein the auxiliary
fan of the thermal management duct assembly 1s positioned
outward of the stage of compressor rotor blades of the
compressor along the radial direction.

6. The gas turbine engine of claim 1, wherein the thermal
management duct assembly further comprises a stage of
variable guide vanes positioned within the thermal manage-
ment duct tlowpath.
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7. The gas turbine engine of claim 6, wherein the stage of
variable guide vanes 1s movable between an open position
and a closed position.

8. The gas turbine engine of claim 1, wherein the outlet of
the thermal management duct flowpath 1s a first outlet,
wherein the thermal management duct flowpath further
includes a second outlet selectively 1n airflow communica-
tion with the bypass airflow passage.

9. The gas turbine engine of claim 8, wherein the thermal
management duct assembly further comprises a variable
component movable between a first position and a second
position, wherein the thermal management duct tlowpath 1s
in airflow communication with the core compartment
through the first outlet when the variable component is 1n the
first position, and wherein the thermal management duct
flowpath 1s 1n airflow communication with the bypass air-
flow passage through the second outlet when the variable
component 1s 1n the second position.

10. The gas turbine engine of claim 9, wherein the gas
turbine engine further defines an axial direction, and wherein
the variable component 1s movable generally along the axial
direction between the first position and the second position.

11. The gas turbine engine of claim 9, wherein substan-
tially all of an airflow through the thermal management duct
flowpath 1s configured to exit through the first outlet when
the variable component 1s 1n the first position, and wherein
substantially all of the airflow through the thermal manage-
ment duct flowpath 1s configured to exit through the second
outlet when the variable component 1s 1n the second posi-
tion.

12. The gas turbine engine of claim 1, further comprising;:

a cooled cooling air system:;

an auxiliary system;

an environmental control system; and

a lubrication system, and wherein the heat sink heat

exchanger 1s 1n thermal communication with at least
one of the cooled cooling air system, the auxiliary
system, the environmental control system, or the lubri-
cation system through the thermal management system.

13. The gas turbine engine of claim 1, wherein the gas
turbine engine 1s a high-bypass turbofan engine defining a
bypass ratio greater than about 6:1 and up to about 30:1.

14. The gas turbine engine of claim 1, wherein the thermal
management duct flowpath 1s a substantially annular tlow-
path positioned outward of the core air flowpath along the
radial direction.

15. The gas turbine engine of claim 1, wherein the
turbomachine defines a ratio of airtlow through the thermal
management duct flowpath to airtlow through the core air
flowpath between about 0.01:1 and 0.4:1.

16. A method for operating a gas turbine engine having a
fan, a turbomachine, and an outer nacelle defining a bypass
airflow passage with the turbomachine, the turbomachine
defining a core compartment and comprising a heat sink heat
exchanger and a thermal management duct assembly, the
thermal management duct assembly defining a thermal man-
agement duct flowpath, the heat sink heat exchanger in
thermal communication with the thermal management duct
flowpath, the method comprising:

providing an airflow through the thermal management

duct flowpath and over the heat sink heat exchanger;
determining the gas turbine engine i1s operating in a first
operating condition;

moving a variable component of the thermal management

duct assembly to direct substantially all of the airtlow
through thermal management duct flowpath to the core
compartment;
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determining the gas turbine engine 1s operating in a

second operating condition; and

moving the variable component of the thermal manage-

ment duct assembly to direct substantially a predeter-
mined amount of the airtlow through the thermal man-
agement duct flowpath to the bypass airtlow passage.

17. The method of claim 16, wherein the first operating
condition 1s a high power operating condition.

18. The method of claim 17, wherein the second operating
condition 1s a low power operating condition.

19. The method of claim 16, wherein the compressor
section of the turbomachine comprises a compressor,
wherein the inlet of the thermal management duct flowpath
1s 1n airtlow communication with the core air tflowpath at a
location upstream of the compressor.

20. The method of claim 16, wherein the thermal man-
agement duct tlowpath 1s a substantially annular flowpath
positioned outward of the core air flowpath along the radial
direction and inward of the bypass airtflow passage along the
radial direction.
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